occurrence and growth of Listeria monocytogenes in raw milk during distribution and storage. The 23 occurrence of L. monocytogenes in 105 retailed raw milk bottles, 115 bulk tank milk samples, 23 24 in-line milk filter socks and in 50 environmental samples collected from an on-farm dairy 25 establishment were investigated. Growth of inoculated low-level L. monocytogenes contamination 26 was also investigated in two types of raw milk packaging, namely in 1-litre plastic bottles and 3-litre 27 bag-in-boxes, both stored at three different storage temperatures of 6, 8 and 10 °C. The 28 occurrence of L. monocytogenes was higher (4.8%) in bottled raw milk stored until the use-by-date 29 of the package compared to fresh bulk tank milk (1.7%). L. monocytogenes counts were ≤13 30 CFU/ml in bottled raw milk and ≤1 CFU/ml in bulk tank milk. L. monocytogenes was not detected in 31 the packaging facility, but occurred very frequently (39%) in the milk filter socks. Subtyping of L. 32 monocytogenes isolates using pulsed-field gel-electrophoresis revealed seven pulsotypes, of 33 which two occurred in multiple samples. Targeted inoculum levels of 1-2 CFU/ml yielded L. 34 monocytogenes counts ≥100 CFU/ml within seven days of storage in 22% of the raw milk 35 packages stored at 6 °C, and in all of the raw milk packages stored at 8°C.°C. The frequent 36 occurrence of L. monocytogenes in raw milk and the ability of a low-level L. monocytogenes 37 contamination to grow at refrigeration temperatures highlights the importance of consumer 38 education regarding the appropriate raw milk storage and handling. 39 targeted levels, overnight growth of each L. monocytogenes strain was first investigated. In brief, 248 the strains were extracted from Cryobeads onto blood agar plates and cultivated at 37 °C for 24 249 hours. Single colonies were transferred to 10 ml of brain heart infusion broth (BHI; Lab M Limited) 250 and incubated at 37 °C for 24 hours with agitation at 100 rpm. The cultivated BHI broths were 251 diluted into isotonic saline in a series of dilutions from 10 -1 to 10 -10
. From the dilutions 10 -5 to 10 -10 , 252 100 µl of each dilution was cultivated onto Harlequin™ Chromogenic Listeria agar plates for the 253 enumeration of L. monocytogenes. As all three strains grew to 9 log CFU/ml, the same protocol for 254 the preparation of the inocula was used for each strain. 255
256
The inocula were prepared by extracting the strains from cryogenic tubes onto blood agar plates 257 and cultivated at 37 °C for 24 hours. Single colonies were selected and grown in 10 ml of BHI broth 258 at 37 °C for 24 hours with shaking at 100 rpm. The cultures were diluted in isotonic saline in a 259 series of dilutions from 10 -1 to 10 -6
. The inocula for the targeted inoculum levels of 200 CFU/ml, 20 260 CFU/ml and 2 CFU/ml were prepared by pipetting 10 ml of the 10 -4
, 10 -5 and 10 -6 dilutions, 261 respectively, into bottles containing 40 ml of isotonic saline. From the bottles containing the 262 appropriately diluted inocula, 9 ml of dilution was inoculated into a raw milk bottle and 27 ml was 263 inoculated into a bag-in-box. 264 265
Inoculation and enumeration of L. monocytogenes 266 267
The growth study was performed in triplicate for each strain, package type, and targeted inoculum 268 level (18 experimental replicates for each targeted inoculum level). Each bag-in-box was 269 inoculated with a sterile needle and syringe, after which the puncture hole was closed aseptically 270 with adhesive tape. Bottles were inoculated by pipetting. The inoculated packages were stored at 6 271°C and sampled 0, 3, 5, 7 and 14 days after inoculation to determine viable L. monocytogenes 272 counts on selective agar plates (Harlequin™ Chromogenic Listeria agar). The packages werethrough the mouth of the bottles and 30-ml samples were collected through the nozzle of the bag-275 in-boxes. A 2-ml volume of milk was divided between 6 agar plates to enumerate L. 276 monocytogenes counts ≤100 CFU/ml. A 200 μl volume of each dilution of a 10-fold dilution series 277 was divided and pipetted onto two agar plates for the enumeration of counts >100 CFU/ml. The 278 plates were then incubated at 37 °C for 48 h after which they were enumerated. Additionally, the 279 pH of each milk sample was measured using the inoLab® pH 7110 (Xylem Analytics, Beverly, 280 Massachusetts) pH meter, which was calibrated with technical buffers (Xylem Analytics) on each 281 sampling day. 282 283
pH and aerobic bacteria in uninoculated packages 284 285
Six of the purchased raw milk packages (three bottles and three bag-in-boxes) were left 286 uninoculated. The uninoculated packages were stored at 6 °C and the milk was sampled on days 287 0, 3, 5, 7 and 14 to enumerate viable aerobic bacteria and to measure pH. The pH measurements 288 were conducted as described in section 2.2.2. Additionally, total viable aerobic bacterial counts of 289 the uninoculated milk were determined after incubation at 30 °C for 72 hours, as described in the 290 Raw milk was obtained from a nearby dairy cattle farm and was collected into sterilised 1-litre 299 laboratory bottles and transported in coolers to the laboratory. Control samples were taken from 300 each bottle and analysed as described above (section 2.1.2) to ensure that the milk was initially 301 free of Listeria. The milk was then divided into 99-ml aliquots in 250 ml bottles and the growthextracted from Cryobeads onto blood agar plates and cultivated in 10 ml of BHI broth at 37 °C for 304 24 hours, as described above (section 2.2.1). The cultivated BHI broths were diluted in isotonic 305 saline to dilutions 10 -1 to 10 -6
. Dilutions 10 -5 and 10 -6 were used for the inocula of targeted inoculum 306 levels 10 and 1 CFU/ml, respectively. Cocktails containing equal portions of the three strains were 307 prepared by pipetting 3 ml of the cultivated BHI broth dilution of each strain into bottles containing 308 81 ml of isotonic saline. From the bottles, 1 ml of the cocktail was inoculated into bottles containing 309 99 ml of raw milk. The study was performed in triplicate for each targeted inoculum level and 310 compare the growth of L. monocytogenes in pasteurised milk to that of its growth in raw milk. Raw 319 milk was divided into sterilized bottles in 99-ml aliquots and pasteurised by immersing the bottles in 320 a hot water bath (75 °C) with a shaker stirring the milk at 80 rpm, until the temperature inside a 321 control milk bottle reached 72 °C for 15 seconds, after which the milk was cooled to 6 °C. The 322 same cocktail containing three L. monocytogenes strains described in section 2.3.1 was used to 323 inoculate the bottles with L. monocytogenes to a targeted inoculum level of 10 CFU/ml. Inoculated 324 pasteurised milk bottles were stored at either 6 or 10 °C and sampled 5 and 14 days after 325 inoculation. Three replicates were performed for both storage temperatures. L. monocytogenes 326 counts were determined as described in section 2.2.2, and the results were compared with those
The Baranyi and Roberts model (Baranyi and Roberts, 1994) was fitted to the experimental growth 332 data (mean colony counts) of L. monocytogenes inocula in packaged raw milk using the Combase 333 DMFit software (http://www.combase.cc/tools/). Growth parameters (maximum growth rate and 334 lag-time) were derived from the modelled growth. Statistical analyses were run on the IBM SPSS 335
Statistics 23 software. Standard deviations and standard errors of the mean were calculated from 336 log-transformed colony count data. If no colonies were detected in a given sample, -0.3 log CFU/ml 337 was used as the log-transformed value for the calculation. An independent-samples two-tailed t-338 test without assumption of equal variances was used to compare the mean L. monocytogenes 339 colony counts between bottles and bag-in-boxes, and between raw and pasteurised milk. The 340 mean colony counts between L. monocytogenes strains were compared using an independent-341 samples Kruskal-Wallis test. The correlation between pH and colony counts was determined using 342 bivariate Pearson correlation. other than L. monocytogenes. One of these samples was collected from the inner surface of the 385 milk filler head, through which milk is dispensed into packages, whereas the remaining three 386 samples were obtained from the floor underneath the milk filler. 387 count of 2.3 CFU/ml (SD=0.1 log CFU/ml) on day 0 to a mean final colony count of 4.0 log CFU/ml 401 (SD=0.6 log CFU/ml) on day 14. Fitting the Baranyi and Roberts model to the mean colony counts 402 in bottles and bag-in-boxes produced growth curves with standard errors (SE) of fit equal to 0.01 in 403 bottles and 0.09 in bag-in-boxes. The maximum growth rates of the fitted growth curves were 0.4 404 log CFU/ml/day for both package types and the lag time for growth was approximately three days 405 for both package types. 406
407
When the three L. monocytogenes strains were inoculated individually into separate raw milk 408 bottles and bag-in-boxes to a targeted inoculum level of 1.3 log CFU/ml (20 CFU/ml) in milk, no 409 statistically significant differences in colony counts were observed between the three strains on 410 storage days 0-7 (p>0.05). On day 14, ATCC 19115 reached higher colony counts (mean 3.8 log 411 CFU/ml, SD=0.4 log CFU/ml) than S1 (mean 3.6 log CFU/ml, SD=0.6 log CFU/ml) and the 412 difference was significant with an independent-samples Kruskal-Wallis post hoc test (p=0.02, 413 df=2). The three L. monocytogenes strains grew in bottles from a mean initial colony count of 1.3 414 log CFU/ml (SD=0.1 log CFU/ml) on day 0 to a mean final colony count of 3.7 log CFU/ml, (SD=0.7 415 log CFU/ml) on day 14 (Fig. 4) . In bag-in-boxes, the strains grew from a mean initial count of 1.4 416 log CFU/ml (SD=0.1 log CFU/ml) on day 0 to a mean final colony count of 3.7 log CFU/ml (SD=0.5 417 log CFU/ml) on day 14. On day 5, colony counts were significantly higher (p=0.02) in bag-in-boxes 418 (mean 2.9 log CFU/ml, SD=0.3 log CFU/ml) than in bottles (mean 2.4 log CFU/ml, SD=0.1 log 419 CFU/ml). Although not statistically significant (p>0.05), colony counts on day 7 were also notably 420 higher and more varied in bag-in-boxes (mean 3.5 log CFU/ml, SD=0.4 log CFU/ml) than in bottles 421 (mean 3.2 log CFU/ml, SD=0.2 log CFU/ml). The lag time was approximately three days in both 422 package types. Fitting the Baranyi and Roberts model to the experimental growth data produced 423 growth curves with SE of fit equal to 0.06 for bottles and 0.10 for bag-in-boxes. The maximum 424 growth rates of the fitted growth curves were 0.7 log CFU/ml/day for bag-in-boxes and 0.5 logWhen the three L. monocytogenes strains were inoculated individually into separate raw milk 429 bottles and bag-in-boxes to a targeted inoculum level of 0.3 log CFU/ml (2 CFU/ml) in milk, no 430 statistically significant differences in colony counts were observed between the three strains on 431 storage days 0-14 (p>0.05). Measured L. monocytogenes counts in milk on day 0 were slightly 432 below the targeted inoculum level in both package types. In bottles, the strains grew from a mean 433 initial colony count of 0.0 log CFU/ml (SD=0.3 log CFU/ml) on day 0 to a mean final colony count of 434 2.0 log CFU/ml (SD=0.7 log CFU/ml) on day 14 (Fig. 4) . In bag-in-boxes, the strains grew from a 435 mean initial count of 0.1 log CFU/ml (SD=0.3 log CFU/ml) on day 0 to a mean final colony count of 436 2.1 log CFU/ml (SD=0.5 log CFU/ml) on day 14. On day 5, the mean colony counts were notably 437 higher in bag-in-boxes (mean 1.0 log CFU/ml, SD=0.5 log CFU/ml) than in bottles (mean 0.6 log 438 CFU/ml, SD=0.4 log CFU/ml), although differences in colony counts between the two package 439 types were not statistically significant on any sampling date. Fitting the Baranyi and Roberts model 440 to the experimental growth data produced growth curves with SE of fit equal to 0.11 in bottles and 441 0.10 in bag-in-boxes. The maximum growth rates of the fitted growth curves were 0.4 log 442 CFU/ml/day for the bag-in-boxes and 0.6 log CFU/ml/day for the bottles. Despite the greater 443 maximum growth rate of listeria in bottles, the colony counts in bottles were lower on days 3-5 due 444 to a longer lag time (over four days) in contrast to those found for the bag-in-boxes (three days). 445
The fitted growth curve of L. monocytogenes in bag-in-boxes exceeded the 100 CFU/g EU food 446 safety criterion within nine days. Although the fitted growth curve of L. monocytogenes in bottles 447 did not exceed 100 CFU/g criterion within the 14-day sampling period, four of the nine 448 experimental replicates of bottles had final L. monocytogenes counts above 100 CFU/ml. 449
Moreover, two experimental replicates of bottles and one of bag-in-box exceeded 100 CFU/ml by 450 day 7. 451 for storage days 0-7. However, the milk in all inoculated packages was sour by storage day 14. All 457 inoculated raw milk packages considered, there was a weak but significant negative correlation 458 between final L. monocytogenes counts and milk pH on day 14 (r = -0.32, p=0.02). Moreover, milk 459 pH on storage day 14 was significantly lower in bottles than in bag-in-boxes inoculated to targeted 460 inoculum levels of 200 CFU/ml (p=0.01) and 20 CFU/ml (p=0.02). The pH difference between 461 bottles and bag-in-boxes was independent of final L. monocytogenes counts, which did not 462 significantly differ between package types (p>0.05). Milk in the uninoculated packages maintained 463 a normal pH (6.6-6.8) for the first 7 days of storage, but turned sour (pH<6.6) by storage day 14. 464
Total aerobic bacterial counts of the milk in the uninoculated packages were 0.1-0.5 log CFU/ml 465 higher in bottles than in bag-in-boxes throughout the experiment. In bottles, total aerobic bacterial 466 counts grew from a mean count of 3.4 log CFU/ml (SD=0.1 log CFU/ml) on day 0 to a mean final 467 count of 8.6 log CFU/ml (SD=0.3 log CFU/ml) on day 14. In bag-in-boxes, total aerobic bacterial 468 counts grew from a mean count of 3.3 log CFU/ml on day 0 (SD=0.1 log CFU/ml) to a mean final 469 count of 8.2 log CFU/ml (SD=0.1 log CFU/ml) on day 14. compare the growth of L. monocytogenes in raw milk to growth in pasteurised milk, the cocktail 478 containing three L. monocytogenes strains was also inoculated into pasteurised milk bottles to a 479 targeted inoculum level of 10 CFU/ml, and the bottles were stored for 14 days in 6°C and 10°C. 480
481
When the targeted inoculum level was 1 log CFU/ml (10 CFU/ml), L. monocytogenes grew from 482 initial colony counts of 0.9-1.2 log CFU/ml to a mean final colony count of 4.5 log CFU/ml (SD=0.8log CFU/ml) at 6 °C, 4.2 log CFU/ml (SD=0.4 log CFU/ml) at 8 °C, and 4.3 log CFU/ml (SD=0.4 log 484 CFU/ml) at 10 °C (Fig. 5) . The growth of L. monocytogenes was expectedly faster in raw milk 485 stored at 8 or 10 °C, than at 6 °C. Fitting the Baranyi and Roberts model to the experimental 486 growth data produced growth curves with SE of fit equal to 1.22 for growth at 6 °C, 0.40 at 8 °C, 487 and 0.31 at 10 °C. The maximum growth rates of the fitted growth curves were 0.3 log CFU/ml/day 488 at 6 °C, 0.4 log CFU/ml/day at 8 °C, and 0.6 log CFU/ml/day at 10 °C. The EU food safety criterion 489 100 CFU/g was exceeded by all experimental replicates in <5 days at 8 and 10 °C and in <7 days 490 at 6 °C. 491
492
When the targeted inoculum level was 0 log CFU/ml (1 CFU/ml), L. monocytogenes grew from 493 initial colony counts of ≤0.2 log CFU/ml to a mean final colony count of 3.0 log CFU/ml (SD=0.2 log 494 CFU/ml) at 6 °C, 3.1 log CFU/ml (SD=0.3 log CFU/ml) at 8 °C, and 4.2 log CFU/ml (SD=0.7 log 495 CFU/ml) at 10 °C (Fig. 5) . Fitting the Baranyi and Roberts model to the experimental growth 496 dataproduced growth curves with SE of fit equal to 0.53 for growth at 6 °C, 0.20 at 8 °C, and 0.24 497 at 10 °C. The maximum growth rates of the fitted growth curves were 0.3 log CFU/ml/day at 6°C, 498 0.4 log CFU/ml/day at 8°C, and 0.5 log CFU/ml/day at 10°C. The EU food safety criterion 100 499 CFU/g was exceeded by all experimental replicates in <5 days at 10 °C, in <7 days at 8 °C and in 500 <14 days at 6 °C. Furthermore, one experimental replicate at 6°C exceeded 100 CFU/g in <7 days. 501
502
The growth of L. monocytogenes in pasteurised milk at 6 °C was consistently faster in pasteurised 503 whole milk than in raw milk (Fig. 6) . L. monocytogenes counts in pasteurised milk were on average 504 1.1 log CFU/ml higher than in raw milk after five days of storage, and 2.7 log CFU/ml higher after 505 14 days of storage. The difference in L. monocytogenes growth between raw and pasteurised milk 506 was even more pronounced at 10°C, at which counts in pasteurised milk were on average 2.7 log 507 CFU/ml higher than in raw milk after five days, and 4.3 log CFU/ml higher than in raw milk after 14 508 days of storage. 509
The frequent isolation of L. monocytogenes from in-line milk filter socks demonstrates that L. 513 monocytogenes was prevalent at the on-farm dairy investigated. L. monocytogenes was 514 remarkably more prevalent in milk filter socks (39%) than in sample sets composed of five aliquots 515 of bulk tank milk (4%). L. monocytogenes contamination is difficult to detect in bulk tank milk 516 samples, because counts in bulk tank milk are typically very low, <3 CFU/ml (Meyer-Broseta et al., 
527
All L. monocytogenes counts in naturally contaminated bottled milk were below the 100 CFU/g EU 528 food safety criterion set for ready-to-eat foods at the end of their shelf life. The occurrence of L. 529 monocytogenes in bottled raw milk sampled on the use-by-date of the package was nearly three-530 fold the occurrence in fresh bulk tank milk samples. L. monocytogenes contamination levels initially 531 below the detection limit in the bulk tank may subsequently grow to detectable levels during the 532 seven-day shelf-life of the raw milk package, resulting in a higher occurrence in bottled milk than in 533 bulk tank milk samples. Additionally, higher direct plate counts of L. monocytogenes were detected 534 in bottled raw milk (≤13 CFU/ml) than in bulk tank milk (≤1 CFU/ml). These findings appear to 535 support the hypothesis that low initial levels of naturally occurring L. monocytogenes contamination 536 in milk result in growth during the distribution and storage of packaged raw milk. Alternatively, the 537 Finnish Food Safety Authority Evira recommends that the use-by-date of raw milk is set to no more 554 than two days from the date of sale from the dairy. In the present study, L. monocytogenes growth 555 was negligible for three days of storage at 6 °C, suggesting that a three-day shelf-life for raw milk 556 stored at ≤6 °C does not markedly increase the Listeria risk. Currently, raw milk packages sold in 557
Finland have use-by-dates 5-7 days from packaging. The Finnish national legislation maintains 558 that dairy operators can determine a longer use-by-date for raw milk than two days from sale, 559 provided that the longer durability the raw milk can be demonstrated using shelf-life studies. Finnish Act 699/2013 stipulates that those producers in Finland that sell more than 2500 kg of raw 571 milk annually must test bulk tank milk for the presence of L. monocytogenes using a minimum 572 sampling scheme of 5 bulk tank milk samples per year. If the raw milk is packaged in a dairy 573 establishment, the samples (n=5) must be taken from the end-product leaving the dairy 574 establishment. The Finnish Food Safety Authority recommends additional sampling (n=5) with 575 increasing frequency when >5000 kg of raw milk is sold annually. In the present study, 1/23 (4%) 576 of the bulk tank milk sample sets (n=5) tested positive for L. monocytogenes, which exemplifies the 577 difficulty of detecting L. monocytogenes contamination with microbial testing of raw materials. 578
579
Dairy operators are obliged to adjust the shelf-life of raw milk so that the 100 CFU/g food safety 580
criterion is not exceeded during the product shelf-life. In the present study, L. monocytogenes 581 counts in 3/18 raw milk packages inoculated to the targeted inoculum level 2 CFU/ml exceeded 582 100 CFU/ml within 7 days of storage at 6 °C. Therefore, 7 days from packaging is not a suitable 583 use-by-date for raw milk packaged in bottles or bag-in-boxes, as contamination levels <3 CFU/ml 584 in bulk tank milk are likely to occur even on farms with good hygienic practices (Meyer-Broseta et 585 al., 2003). The growth of L. monocytogenes in raw milk inoculated to target levels 2 and 20 CFU/ml 586 was slightly faster in milk packaged in bag-in-boxes than in bottles. While the differences in L. 587 monocytogenes growth between package types were small, the large size of the bag-in-box (3 588 litres) might prompt consumers to store and consume the product over a longer period, potentially 589 increasing the listeriosis risk associated with raw milk packaged in bag-in-boxes. 590
591
Besides shortening the shelf-life, dairy operators can attempt to reduce L. monocytogenes risk by 592 stipulating a lower storage temperature for raw milk for consumers, but this strategy requires 593 consumer education and compliance. Additionally, Act 699/2013 legislates that raw milkdate of raw milk. Consumers must also be provided with a written warning notifying that the 596 product may contain pathogenic microbes and that high-risk groups should not consume the 597 product without prior heat treatment. Finally, the warning must specify that "high-risk groups 598 include children, elderly and pregnant individuals, and individuals with severe underlying health 599 conditions. 600
601
It is important to note that the methodology used in the present study did not include a period of 602 cold adaptation before inoculation of the L. monocytogenes strains into milk. Pre-adaptation of the 603 strains to the raw milk storage temperature would probably shorten the lag time, which should 604 result in faster initiation of the exponential phase and maximum growth (Beaufort et al., 2014; 605 Walker et al., 1990) . L. monocytogenes is able to adapt to cold stress in 3-5 days (Bolton & Frank, 606 1999; Notermans et al., 1991) , which is in agreement with the 3-day lag time observed in the 607 present study. The investigated on-farm dairy stored raw milk in the bulk tank ≤16 hours before 608 packaging. Therefore, it is unlikely that L. monocytogenes contamination in the bulk tank milk 609 would have adequate time to adapt to the temperature of chilled milk before packaging. counts on day 0 were more varied in raw milk packages with a targeted inoculum level of 2 CFU/ml 616 (SD=0.3 log CFU/ml) than in packages with targeted inoculum levels of 20 CFU/ml or 200 CFU/ml 617 (SD=0.1 log CFU/ml). However, variance of the colony counts increased throughout the storage 618 period, and by day 14 colony counts were highly variable regardless of the targeted inoculum level 619 (SD>0.5 log CFU/ml). The increase in colony count variability towards the end of the storage 620 period may result from the potentiation of initial differences in cell counts during exponential 621 growth, as well as from inter-batch variability of the packaged raw milk. The physicochemicalsize, and management practices (Elmoslemany et al., 2010) . Variability caused by the 624 aforementioned factors may mask potential strain-specific differences in growth, which were not 625 significant in the present study. Furthermore, the adaptation of L. monocytogenes to environmental 626 stressors is prone to phenotypic heterogeneity between individual cells, which leads to a dynamic 627 stress response (Metselaar et al., 2015) . L. monocytogenes grew markedly better in pasteurised 628 milk than in raw milk, which indicated that results of L. monocytogenes growth studies in heat-629 treated milk should not be extrapolated to growth predictions in raw milk. 630
631
Total aerobic bacterial counts in the uninoculated packages on day 0 were in the range of 1500-632 2500 CFU/ml. This range is slightly smaller than that of the 5000 CFU/ml national geometric mean 633 for total aerobic bacteria counts that were detected in Finnish bulk tank milk in 2015 (85% of all 634 At each sampling, one in-line milk filter sock and 5 bulk tank milk samples were obtained from an 841 on-farm dairy. In addition, 3-5 raw milk containing bottles from the study dairy were purchased 842 from a retail store within 24 h from bottling and 40 h from milking. After purchase, raw milk bottles 843 were stored at 6 °C and analysed on the use-by-date of the product (7 days from packaging). Pulsotypes I-VII were named in the order in which they appeared in the L. monocytogenes occurrence study of the on-farm dairy (Fig. 2) . Pulsotype VIII was not detected in the occurrence study. Table S1 .
Mean growth of L. monocytogenes experimental replicates (N=54) in raw milk packaged in bottles and in bag-in-boxes inoculated to targeted levels of 2, 20 and 200 CFU/ml. Raw milk was stored at 6 °C and sampled 0, 3, 5, 7 and 14 days from the inoculation. Nine experimental replicates were performed for each package type and inoculation level. monocytogenes to target inoculum levels of 200 CFU/ml (A), 20 CFU/ml (B) and 2 CFU/ml (C).
Inoculum
Milk packages were stored at 6 ⁰C and sampled 0, 3, 5, 7 and 14 days from the inoculation. 
